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Introduction to FEM

The 3 Basic Stagesof a FEM-DSM Program

Preprocessing : defining the FEM model

Processing : setting up the stiffness equations
and solving for displacements

Postprocessing : recovery of derived quantities
and presentation of results
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Introduction to FEM

Plane Stress Program Configuration
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Introduction to FEM

Problem Definition Data Structures

Geometry Data Set:
NodeCoordinates

Element Data Set:
ElemTypes, ElemNodes,
ElemMaterials, ElemFabrications

Degree of Freedom Activity Data Set:
NodeDOFTags, NodeDOFValues

Processing Data Set:
ProcessOptions
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Introduction to FEM

Benchmark to Illustrate Problem Definition
(one-element models)

@ " ?yT ? :TlOTksi s O 75 ios 25Kins 10 c()clzipS erine
A Ai ?B IC ya |? CE|:
§ 1

12indH .. I

-?----
1
i
i
i
i
i
S
1
o) /
;LI
) o
TN IS
W)

D
gg;gg%oom Model (1): Model (11):
ih=3in 4 nodes, 8 DOFs, 9 nodes, 18 DOFs,
! 1 bilinear quad 1 biquadratic quad
\ i
G F E Global node numbers shown
SERRRARRR
B 10in |

IFEM Ch 27 — Slide 5




Introduction to FEM

Benchmark Problem: Platewith Central
Circular Hole
used in final exam and part of today's demo
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Introduction to FEM

Geometry Data: 4-Node Quad Model
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Introduction to FEM

Geometry Data: 9-Node Quad Model
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Introduction to FEM

Element Data: 4-Node Quad M odel
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Introduction to FEM

Element Data: 9-Node Quad M odel
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Introduction to FEM

Freedom Activity Data: 4-Node Quad M odel
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Introduction to FEM

Freedom Activity Data: 9-Node Quad M odel
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A Complete Problem Script Cell
Part 1. Preprocessing

ClearAll[Emv,th];
Em=10000; v=.25; th=3; aspect=6/5; Nsub=4, Z
Emat =Enf (1-v~2) *{{1, v, 0}, {v, 1,0}, {0, 0, (1-v)/ 2} };

(* Define FEM nodel *)
NodeCoor di nat es=N[ {{0, 6}, {0, 0}, {5, 6}, {5, 0}}];

Pri nt Pl aneSt r essNodeCoor di nat es[ NodeCoor di nates, "", {6, 4}];
El emNodes= {{1, 2, 4, 3}};

numod=Lengt h[ NodeCoor di nat es] ; nunel e=Lengt h[ El emNodes] ; J 2 4 D
El eniTypes= Tabl e[ " Quad4", { nunel e} ]; ! N

Print Pl aneSt r essEl enent TypeNodes[ El emTypes, El enNodes, "", {}];
El em\vat eri al s= Tabl e[ Emat , {nunel e}];
El enfabri cati ons=Tabl e[ t h, {nunel e}];

Print Pl aneStr essEl enent Mat Fab[ El emvat eri al s, El enfabri cations, """, {}];

NodeDOFVal ues=NodeDOFTags=Tabl e[ { 0, 0}, { numod} ] ;
NodeDOFVal ues[ [ 1] ] =NodeDOFVal ues[[3]]={0, 75}; (* nodal | oads *)

NodeDOFTags[[1]]={1, 0}; (* vroller @node 1 *)
NodeDOFTags[[2]]={1, 1}; (* fixed node 2 *)
NodeDOFTags[[4]]={0, 1}; (* hroller @node 4 *)

Print Pl aneStressFreedomActi vi t y[ NodeDOFTags, NodeDOFVal ues, """, {}];
ProcessOpti ons={ Tr ue};
Pl ot 2DEl enent sAndNodes|[ NodeCoor di nat es, El enlNodes, aspect,

"One el enent nmesh - 4-node quad", True, True];

Introduction to FEM
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Introduction to FEM

Mesh Plot Showing Element & Node Numbers

Produced by
previous script
One element mesh - 4 node quad One element mesh - 9 node quad One element mesh - 4 node quad
1 ® 3 Py 1 ® 4 ° 7 ° i
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Introduction to FEM

A Complete Problem Script Cdll

Part 2. Processing 75 kips 75 kips
Z B C
1 3
9:: 1

J]2 4l p
(* Solve problemand print results *) ~\m é é
S

{ NodeDi spl acenent s, NodeFor ces, NodePl at eCount s, NodePl at eSt r esses,
El enBar Nunber s, El enBar For ces} = Pl aneSt ressSol uti on[
NodeCoor di nat es, El eniTypes, El enNodes,

El emVat eri al s, El enfabri cati ons,
NodeDOFTags, NodeDOFVal ues, ProcessOpti ons] ;
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Introduction to FEM

A Complete Problem Script Cell

Part 3. PostProcessing

NodePl at eSt resses, "Conput ed Sol ution:",{}];

Pri nt Pl aneSt r essSol uti on[ NodeDi spl acenent s, NodeFor ces, NodePl at eCount s, ‘

(* Plot Displacenent Conmponents Distribution - skipped *)

(* Plot Averaged Nodal Stresses Distribution *)

sxx=Tabl e[ NodePl at eStresses[[n, 1] ], {n, numod}];

syy=Tabl e[ NodePl at eStresses[[n, 2] ], {n, numod}];

sxy=Tabl e[ NodePl at eStresses[[n, 3] ], {n, numod}];

{ sxxmax, syynmax, sxynax} =Abs[ { Max[ sxx] , Max[ syy], Max[ sxy] }1;

Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El emNodes,
SXX, sxxmax, Nsub, aspect, "Nodal stress sig-xx"];

Cont our Pl ot NodeFuncOver 2DMesh[ NodeCoor di nat es, El enNodes,
syy, syymax, Nsub, aspect, "Nodal stress sig-yy"];

Cont our Pl ot NodeFuncOver 2DMVesh[ NodeCoor di nat es, El emNodes,
sXxy, sxymax, Nsub, aspect, "Nodal stress sig-xy"];

75 kips 75 kips
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Solution Printout (Required
In Exam Problems)

Computed Solution:

node x-displ y-displ x-force y-force sigmaxx
1 0.0000 0.0060 0.0000 75.0000 0.0000
2 0.0000 0.0000 0.0000-75.0000 0.0000
3 -0.0013 0.0060 0.0000 75.0000 0.0000
4 -0.0013 0.0000 0.0000-75.0000 0.0000

Introduction to FEM

75 kips 75 kips
Z B C
1 3
o 1
9—1

sigmayy sigmaXxy
10.0000 0.0000
10.0000 0.0000
10.0000 0.0000
10.0000  0.0000
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Stress Contour Plots

Introduction to FEM
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Introduction to FEM

Stress Contour Plots (cont'd)

sigmayy stress
contour plot
reconstructed
over complete plate
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